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Erasable and programmable non-volatile cell 
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The invention relates to an erasable and programmable non-volatile cell, 
comprising a first transistor having a source, a drain and a gate, a floating capacitor 
having a floating gate and a control gate, said floating gate being connected to said gate 
of said first transistor, and means to detect the state, whether erased or programmed, of 
10 the cell. 

Non-volatile storage is required in a wide range of electronic 
applications, for example to operate microprocessors and controllers. All floating gate 
structures use the same basic concept to function that charge stored on the floating gate 
sets the memory transistor to a logical "1" or "0". Depending on whether the memory 

15 structure is an enhancement or depletion transistor, when the floating gate is neutral or 
contains electrons as negative charge, the memory cell will or will not conduct during 
read. When the floating gate is neutral or has an absence of negative charge, the 
memory cell will conduct during read. The conducting or non-conducting state is output 
as the appropriate logical level. "Erasing" means transferring electrons from the floating 

20 gate, "programming" means transferring electrons onto the floating gate. 

Various erasable and programmable non-volatile cells are known in the 
art, among them the so-called flash memories, EPROMs, or byte alterable E^PROMs, 
each of them based on cell structures, such as the stacked gate cell, where normally 
programming is performed by drain-side or source-side injection of channel hot 

25 electrons through an oxide layer under the floating gate. 

The injection of electrons into the floating gate produces a shift in the 
threshold voltage of the transistor which is proportional to the charge injected into the 
floating gate. This change of threshold voltage is used as a criterion for defining 
whether the cell is programmed or erased. 

30 The continuous reduction of the supply voltage necessary to achieve low 
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power consumption in battery powered devices requires a design of cells that can be 
read at very low supply voltages. 

In an EPROM cell consisting basically of an n-channel MOS-transistor, 
the threshold voltage in the erased state, i.e. before programming, normally is in the 
5 range of L7 to 2.0 V, whereas after programming the threshold voltage increases to 3 to 
6 V. 

The spread of the threshold voltage in the erased state, however may 
become very large, in particular when the cell can only be erased by exposure with 
ultraviolet radiation. This radiation generates hole-electron pairs in the floating gate 

10 which neutralize the injected electrons during programming. The efficiency of this 

process has inherently a large spread which then produces a corresponding spread in the 
threshold voltage in the erased state. This implies that a certain number of cells in a 
memory array will show a relative large threshold voltage, and cell operation at low 
voltage from 1.0 to 1.5 V will not be possible. In this case, even the detection of the 

15 state of the cell becomes difficult. 

It is the object of the invention to propose an erasable and programmable 
non-volatile cell which allows to reliably detect the state of the cell. 

This object is achieved by a non-volatile cell as defined in claim 1 . 
Preferred embodiments are subject-matter of the subclaims. Specific applications 

20 incorporating the inventive erasable and programmable non-volatile cell are given in 
claims 6 to 8. 

According to the invention, said means to detect the state of the cell 
comprises a second transistor having a source, a drain and a gate, said second transistor 
being complementary to said first transistor and said gate of said second transistor being 
25 connected to said floating gate. 

"Complementary" means that the second transistor operates with a 
different type of channel than the first transistor with respect to the floating gate. 

In a preferred embodiment the first transistor which is used as 
programming device is an n-channel transistor, whereas the second transistor which is 
30 used to read the state of the cell is a p-channel transistor. In this case, electrons injected 
into the floating gate shift the threshold voltage of the cell to more positive values. 
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namely 3 to 6 V for the n-channel transistors and 1 to 3 V for the p-channel transistor. 
Because a p-channel transistor is used for reading, the natural minimum threshold 
voltage of the n-chaimel transistor does not play any role. The read voltage can be set at 
the bulk voltage of the p-channel transistor. 
5 Still more preferred, the erasable and programmable non-volatile cell is 

built up with MOS transistors. 

It is further proposed to use the polymer-silicon-layer of the MOS 
transistors also as the floating gate. 

Advantageously, the n-well diffusion region is used as said control gate 
10 of the floating capacitor. 

This solution makes it possible to use EPROM cells in standard CMOS 
processes for very low read voltages. The preferred embodiment refers to the cell 
construction with only one polymer layer. The control gate of the cell is neither a second 
polymer layer nor a metal but the n-well diffusion. This feature is inherently available in 
1 5 any CMOS process. 

The invention can advantageously be used in liquid crystal display 
drivers which are very specific integrated circuits which a large extent of analog design. 
High accuracy is required in the generation of different voltage levels interacting with 
the liquid crystal display. Also the oscillator frequency must be calibrated in a range as 
20 narrow as possible. 

The non-volatile cell according to the invention can further be used in 
applications operating with low supply voltages of about 1 .0 V to 2.5 V needed for 
portable equipment powered by battery, like mobile phones, calculators, pagers, etc. 

Cells according to the invention can also be used for calibration of 
25 electrical parameters in an integrated circuit. 

The invention will now be described with reference to the accompanying 
drawings, wherein 

Figure 1 illustrates the influence of the spread in threshold voltage when 
detecting the state of a cell; 
30 Figure 2 schematically shows a non-volatile cell with complementary 

transistors; 
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Figure 3 shows the layout of a cell in a first embodiment of the invention; 
Figure 4 is a cross section taken along A-A' in Figure 3; 
Figure 5 is a cross section taken along B-B' in Figure 3; 
Figure 6 shows the layout of a cell in a second embodiment of the 
5 invention; 

Figure 7 is a cross section taken along A-A' in Figure 6; 
Figure 8 is a cross section taken along B-B' in Figure 6; and 
Figure 9 shows the process steps to build up a cell according tot he first 
embodiment. 

10 In Figure 1 , the drain current Id of a single n-channel transistor cell is laid off 

as ordinate, whereas the voltage at the control gate is laid off as abscissa. The 
characteristics of several cells A, B and C which have a spread in their threshold voltage 
are shown. At Vcg = 1.5 V, cell A will be read as "erased", cells B and C will be 
detected as "programmed". This fundamental disadvantage is inherent to those cells and 

15 is overcome by the invention. 

Figure 2 schematically shows a cell according to the invention consisting of 
an n-channel transistor 10 and a p-channel transistor 20 having a common floating gate 
30 and control gate 40. N-channel transistor 10 is used as a programming device. The 
programming mechanism is based on the hot electrons phenomena that occurs when the 

20 transistor is operated in its saturation region. P-channel transistor 20 is used to read the 
state of the cell. Electrons injected into the floating gate 30 shift the threshold voltage of 
the cell to more positive values, namely 3 to 6 V for n-channel transistor 10 and to 1 to 
3 V for p-channel transistor 20. Both transistors preferably are MOSFETs. With this 
configuration, the drain currents of each transistor at erased and programmed states are 

25 separated to be unambiguously distinguished from one another. 

The layout of a cell according to a first embodiment of the invention is 
represented in figure 3. Cross sections taken along A-A' and B-B' in figure 3 are shown 
in figure 4 and figure 5, respectively. N-channel transistor 10 and p-channel transistor 
20 share a common floating capacitor FT. The floating gate 30 and the gates of n- 

30 channel and p-channel transistors 10, 20 are embodied as a polylayer. Floating capacitor 
FT is completed by a control gate 40 overlying floating gate 30 separated by an oxide or 
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oxide/nitride layer 50. 

Figure 6 shows the layout of a cell according to a second embodiment of the 
invention. In Figures 7 and 8, respectively, cross sections taken along A- A' and B-B' 
are illustrated. In comparison to the embodiment of Figures 3 to 5, the n-well diffusion 
5 region is extended to used as the control gate 40 separated from the floating gate 30 by 
an oxide layer 50. 

Thus, the implementation of this cell is not restricted to CMOS processes 
with floating capacitors, but is also applicable for single polylay CMOS processes. No 
changes in the process flow are necessary. EPROM cells for very low read voltages can 
10 be implemented in any CMOS process. 

The non-volatile cells according to the invention can also be used to design 
memory arrays. Here, a select transistor in series with the p-channel transistor has to be 
included. 

Figure 9 shows an example of a process flow to build up a cell according 
15 to the first embodiment of the invention. With a slight modification, it is also possible 
to use the process flow to build up a cell according to the second embodiment of the 
invention. 

In step (a) a substrate made of p-doped silicon (p-Si) is prepared and 
subjected to field thermal oxidation to build up an oxide layer on said substrate. Active 
20 areas are defined therein which will form gates for the n- and p-transistors. 

In step (b), the N-well is implanted under the gate oxide layer which will 
later be used for the p-channel transistor, and driven in at a temperature of about 
1150^C. 

In step (c), n^ poly-silicon is deposited on certain areas of the oxide layer 
25 to define gate areas of p-channel (p-ch) transistor and n-channel (n-ch) transistor and the 
control gate. 

Thereafter, in step (d) source and drain are formed for n- and p-channel 

transistors. 

In step (e), a dielectric layer comprised of SiOi in a thickness of 20 nm 
30 which is achieved by poiyoxidation, and of Si03N4 having a thickness of 300 nm, 
obtained by low pressure C VD deposition is build up on the exposed surface of the 
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structure. 

In step (f) oxide in a thickness of 1000 nm is deposited over the dielectric 
layer, thereafter, the cell is planarized by CMP technology. 

In step (g), the opening for the coupling capacitor area is defined by 
5 photolithography and then realized by etching the oxide over the desired area. 

In a similar process, shown in step (h), the contact holes to sources and 
drains of the two transistors are provided. Again, photolithography techniques and oxide 
etching can be used. 

In step (i), the contact holes are filled with conducting material. 
10 In step QX the interconnection is provided by sputtering 

aluminum/copper (Al/Cu) onto the entire surface, defining contact areas by 
photolithography and realizing the desired interconnection by etching unnecessary metal 
portions away. 

In a similar manner, the cell of the second embodiment can be realized 
15 by providing the N-well region in a suitable manner and by rearranging the 
interconnections. 

The operation of a complementary EPROM cell according to the 
invention will be explained briefly in the following. An n-channel MOS-transistor is 
used for programming, and a p-channel MOS is used for reading. Programming is 
20 performed by channel hot electron injection. To achieve this, the n-channel MOS- 
transistor has to be operated in saturation which means a drain voltage Vd in a range 
between 7.0 to 10.0 V and a control gate voltage Vcg in a range of 7.0 to 9.0 V. The 
optimum condition for programming is given for Vd and Vcg that produce a maximum 
substrate current. Typical reading voltages of Vd for low voltage applications are in the 
25 range of L5 to 2.5 V. 
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